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ABSTRACT

A computer-implemented method and system for controlling
operation of an autonomous driverless vehicle in response to
detection of a hazard in the path of the vehicle.

30 Claims, 4 Drawing Sheets

55

hapard sler

Hazard
Detection

Bensor

Sensor

118

Camera

122

mmmmmmmmmmmmmmmmmmmmmmmmmmm

gTie ol

e’ corinan

Remote
Operator
Console




US 9,052,714 B2

Sheet 1 of 4

Jun. 9, 2015

U.S. Patent

I 'Ol

448

BB

T L

8l

vil X
i
1
' latatiln
2
i
4
i
)
SHOBUCT " : :
sopisdcy ' mamu@wmm 0SUBS
- aoay e ; [BEeH
f J v ! 1Blo5U0Y
. ' B101UR, My
' ,
1 ‘ g
' J5uas
i
¥
H
¥
| .
t vonuebBineng
H
T T
503 _
AP, i 0zL
ATTHIITL ‘ B HUBA,

..-I.lni.i.s:iplnili!ufiiif.!ll.f.ll.t.{\
2Ll

W e e e s e Gwe e e e e e e R e e e W e e e e e e e wee e e e e e e e e e e v e v



US 9,052,714 B2

Sheet 2 of 4

Jun. 9, 2015

U.S. Patent

g¢ "Olid

ajoubir-o-uomBas oy Bukedde
saye Bunmeiuns suobAnd preze

Ve old

suatiiind prerey puliug

02




US 9,052,714 B2

Sheet 3 of 4

Jun. 9, 2015

U.S. Patent

SHA%

u> O} L BRI
wrey saoufl, pues

Apwe

< S UBY Paied
.x S%aHl wehng
?m HELS, s

B

142

LEREI)
DTy ayndy

]

g:: Y
j..

g slussals
R TR,

908 — Anpangy

.( Aﬁ»w Nm\w\ ..‘
sioan Fewda Ml L\ﬁh
e, it

> H | coe u




US 9,052,714 B2

Sheet 4 of 4

Jun. 9, 2015

U.S. Patent

oF 'Ol

0ic

chi

av

oid

\\j“\“\“ A

RONE

4%

A'47%

Old




US 9,052,714 B2

1
COMPUTER-IMPLEMENTED METHOD AND
SYSTEM FOR CONTROLLING OPERATION
OF AN AUTONOMOUS DRIVERLESS
VEHICLE IN RESPONSE TO OBSTACLE
DETECTION

BACKGROUND

The present application generally relates to autonomous
driverless vehicles and, more particularly, to a computer-
implemented methods and systems for controlling operation
of such vehicles upon detection of hazards.

Autonomous vehicles operating in unconstrained or lightly
constrained environments are typically outfitted with systems
that detect obstacles or other environmental hazards in the
vicinity of the vehicle. Such hazards may include, e.g., the
unexpected presence of a human, animal, or another vehicle.
When such a hazard is detected, the autonomous vehicle will
alter its behavior to avoid the hazard, either changing course
or halting its movement altogether.

Such safety sensing systems are imperfect, sometimes fail-
ing to detect hazards (a false negative event) or signaling a
hazard that does not actually exist (a false positive event). The
present application is directed to methods and systems for
mitigating the impact of false positive events. The methods
and systems enable a remote operator to assess whether or not
a safety event is a false positive event and, if so, to command
the vehicle to ignore it and continue its operation.

BRIEF SUMMARY OF THE DISCLOSURE

In accordance with one or more embodiments, a computer-
implemented method is disclosed for controlling operation of
an autonomous driverless vehicle in response to detection of
ahazard in a path of the vehicle. The method is performed by
a vehicle control system in the vehicle, and comprises the
steps of: (a) detecting presence of a hazard in the path of the
vehicle using an obstacle detection system in the vehicle; (b)
transmitting a hazard alert message to a computer system
operated by a human operator; and (c) receiving a command
from the computer system operated by the human operator
responsive to the hazard alert message, and operating the
vehicle in accordance with said command.

In accordance with one or more further embodiments, a
computer system in an autonomous driverless vehicle is dis-
closed, comprising: at least one processor; memory associ-
ated with the at least one processor; and a program supported
in the memory for controlling operation of the vehicle in
response to detection of a hazard in a path of the vehicle. The
program includes a plurality of instructions stored therein
which, when executed by the at least one processor, cause the
at least one processor to: (a) detect the presence of a hazard in
the path of the vehicle using an obstacle detection system in
the vehicle; (b) transmit a hazard alert message to a computer
system operated by a human operator; and (c) receive a com-
mand from the computer system operated by the human
operator responsive to the hazard alert message, and operate
the vehicle in accordance with said command.

In accordance with one or more further embodiments, a
system is provided for controlling operation of an autono-
mous driverless vehicle in response to detection of'a hazard in
a path of the vehicle. The system comprises a computer sys-
tem operated by a human operator and a vehicle controller
located in the autonomous driverless vehicle. The vehicle
controller is programmed to (a) detect the presence of a haz-
ard in the path of the vehicle using an obstacle detection
system in the vehicle; (b) transmit a hazard alert message to
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the computer system operated by a human operator; and (c)
receive a command from the computer system operated by the
human operator responsive to the hazard alert message, and
operate the vehicle in accordance with said command.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified block diagram illustrating a system
for controlling operation of an autonomous driverless vehicle
in accordance with one or more embodiments.

FIGS. 2A and 2B are simplified diagrams illustrating the
process of applying a region-to-ignore to detected hazards in
accordance with one or more embodiments.

FIG. 3 is a flowchart illustrating the process of handling a
received safety alert in accordance with one or more embodi-
ments.

FIGS. 4A-4C are simplified diagrams illustrating pro-
cesses for calculating a region-to-ignore in accordance with
one or more embodiments.

DETAILED DESCRIPTION

The present application relates to automated detection of
hazards by an autonomous, driverless vehicle. As discussed in
further detail below, various embodiments disclosed herein
are directed to manually suppressing the automatic response
of the vehicle to detection of obstacles that do not present a
hazard to the safe operation of the vehicle. A remote operator
console provides an override control to a human operator, and
communicates with a control module on the vehicle that
inter-operates with collision-avoidance and other safety mod-
ules on the vehicle.

FIG. 1 illustrates an exemplary system for controlling
vehicle operation in response to detection of obstacles in
accordance with one or more embodiments. As shown in FIG.
1, the system resides on two distinct physical components, the
vehicle controller (VC) 110 and a remote operator console
(ROC 114), which are connected by a wireless computer
network. Examples of suitable wireless networks include, but
are not limited to, Wi-Fi, WIMAX, and GPRS (General
Packet Radio Service).

The VC 110 and the ROC 114 each comprise a program-
mable computer system including at least one processor and
a storage medium readable by the processor. The ROC 114
includes a display interface and input devices such as, e.g., a
mouse or keyboard for use by the operator.

The VC 110, which is located in the driverless vehicle,
contains a hazard-detection module (HDM 116), which pro-
cesses information from sensors 118 and navigation systems
120 in the vehicle in order to determine the presence and
location, respectively, of hazards that affect the operation of
the vehicle.

The sensors 118 for detecting obstacles can comprise a
variety of sensors including, e.g., LIDAR (Light Detection
and Ranging or Laser Imaging Detection and Ranging),
RADAR (RAdio Detection And Ranging), SONAR (SOund
Navigation And Ranging), and video cameras. The naviga-
tion system 120 can comprise any system capable of deter-
mining the geographic position and orientation of the vehicle
including, e.g., a GPS (Global Positioning System) and
AHRS (Attitude and Heading Reference System), which
could be based on gyroscopes or accelerometers.

In one or more embodiments, hazards detected by the
HDM 116 are represented as polygons with absolute geo-
graphic coordinates, i.e., polygons in which each vertex
denotes a fixed position on the earth. In accordance with
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various embodiments, additional functionality is provided in

the HDM 116 that enables manual suppression of obstacle

detection.

When the HDM 116 determines a hazard is present in the
path of the vehicle, it broadcasts an alert to notify the ROC
114. In addition to simply indicating the existence of a hazard,
the alert may also specify the shape and position of the hazard
(e.g., its polygon), a measure of confidence in its existence, a
description of the sensors 118 that detected the hazard, and
any other information that may help a human operator assess
the validity of the report. In return, the ROC 114 may send an
‘ignore obstacle’ command back to the HDM 116 (as
described further below).

If the HDM 116 receives an ‘ignore obstacle’ command
from the ROC 114, it does the following:

1. It constructs and records an ‘absolute region-to-ignore’ 200
as shown in FIG. 2A. This region is represented as a poly-
gon in which each vertex denotes a fixed position on the
earth. (The construction of this polygon is discussed fur-
ther below.)

2. A timer is started. When the timer has reached a predeter-
mined deadline, an ‘ignore obstacle’ command received
from the ROC 114 is considered complete and the ‘abso-
lute region-to-ignore’ is cleared.

3. While the HDM 116 has an active ‘absolute region-to-
ignore’ 200, computed hazards 210 (or portions thereot)
that lie within that region are ignored and discarded by the
HDM 116. In one or more embodiments, this is accom-
plished by discarding all vertices of a hazard polygon that
lie within the ‘absolute region-to-ignore’ 200 as shown in
FIG. 2B. Alternately, the system can compute the geomet-
ric subtraction of the area contained by the hazard polygon
from the area in the ‘absolute region-to-ignore.’

By way of example, the duration of the ‘ignore obstacle’
command (i.e., the deadline of the timer) is 20 seconds.

The ROC 114 receives status alerts from the VC 110. In one
exemplary embodiment, the ROC 114 periodically polls the
VC 110 to request its current alert state.

FIG. 3 is aflowchart illustrating exemplary operation of the
ROC 114 in accordance with one or more embodiments.

The ROC 114 waits to receive alerts from the VC 110 at
302. When the ROC 114 receives a safety alert from the VC
110 indicating that the vehicle has detected a hazard in the
path of the vehicle, it will display a video stream at 304 to the
ROC operator from a camera 122 on the vehicle oriented
toward the hazard.

The ROC 114 also overlays a message indicating that a
hazard has been detected at 306, and presents a button giving
the operator the option to ignore that hazard. The ROC 114
can also draw the hazard’s computed polygon as an overlay
on the video image, and can display any additional informa-
tion from the hazard alert, such as a computed confidence
measure or an indication of which sensors 118 detected the
hazard.

The ROC 114 then waits for the operator to press the button
at 308, while continuing to monitor the state of the safety
alert. If the VC 110 happens to clear the safety alert without
operator intervention (e.g., a detected vehicle subsequently
moves out of the way), then the ROC 114 removes the hazard
message and returns to its previous display state at 310.

If the operator presses the ‘ignore hazard’ button, then the
ROC 114 switches to a ‘Ignore Hazard’ mode in which:

1. it continues to display video from the same camera; and

2. it presents a message to indicate the new mode, an affir-
mative query such as “Ignore hazard?” or “Continue driv-
ing?”, and two buttons labeled ‘no’ and ‘yes’ at 312.
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The ROC 114 then waits for the operator to press a button
at 314, while continuing to monitor the state of the safety
alert. As before, if the VC 110 clears the safety alert without
operator intervention, then the ROC 114 removes the mes-
sage and buttons and returns to its display state prior to the
alert at 310.

Ifthe operator presses the ‘no’ button at 314, then the ROC
114 returns to the ‘hazard detected’ display state 306
described previously.

If the operator presses the ‘yes’ button, the ROC 114 dis-
plays a countdown at 316 and requires the operator to keep the
‘yes’ button depressed for a short duration to confirm the
operator’s intent at 318. By way of example, this duration can
be five seconds. If the button is kept pressed beyond the
timeout, then the ‘yes’ press is accepted and the ROC 114
sends an “ignore obstacle” command to the VC 110 at 320.
The ROC display returns to the ‘hazard detected’ state and
monitors the safety alert status from the VC 110, expecting it
soon to be cleared.

A number of different strategies may be used in the VC 110
to calculate the region-to-ignore. The choice of strategy
affects the desired semantics of the ‘ignore hazard’ action
offered to the operator.

The region-to-ignore may be generated as a polygon of
fixed shape and scale corresponding to the field of view of the
video camera oriented toward the hazard 210 (i.e., the camera
chosen for the ROC video display of the hazard). In one
exemplary embodiment, this shape 400 is an arc of an annulus
located in front of the vehicle, typically 90 degrees of arc with
a near radius of 5 meters and far radius of 30 meters as shown
in FIG. 4A. When the region-to-ignore is generated using this
strategy, the ‘ignore hazard’ action corresponds to the notion
of “ignore any hazard currently visible from this camera.”

The region-to-ignore may also be generated with a shape
and scale 402 corresponding to the hazard 210 itself. One
option is to use a fixed simple shape (e.g., a disc, hexagon,
octagon), which is positioned over the hazard and scaled to
(over)cover the hazard as shown in FIG. 4B. Another option is
to use the polygon 404 of the detected hazard itself, in which
case the hazard polygon is outset by a small distance to ensure
that the region-to-ignore covers a reasonable amount of varia-
tion in the detected shape over time due to imperfect sensing
as shown in FIG. 4C. When these strategies are used to gen-
erate the region-to-ignore, the ‘ignore hazard’ action corre-
sponds to the notion of “ignore this specific detected hazard.”

If the polygon is initially generated relative to the vehicle
itself (in a reference frame fixed to the vehicle), then it is
transformed into absolute geographic coordinates (in a refer-
ence frame fixed to the earth) using the current absolute
geographic position and orientation of the vehicle provided
by the VC navigation module.

Inthe particular exemplary embodiments disclosed herein,
the vehicle is a driverless, autonomous vehicle that is
assigned to execute tasks by an operator stationed at a remote
console. It should be understood, however, that the methods
and systems disclosed herein are equally applicable to imple-
mentations where the operator (and his or her console) are
located in the vehicle. In this case, the console may be teth-
ered to the vehicle.

The processes of the system described above may be
implemented in software, hardware, firmware, or any combi-
nation thereof. The processes are preferably implemented in
one or more computer programs executing on programmable
computer systems for the VC and ROC, each including a
processor, a storage medium readable by the processor (in-
cluding, e.g., volatile and non-volatile memory and/or stor-
age elements), and input and output devices. Each computer
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program can be a set of instructions (program code) in a code
module resident in the random access memory of the com-
puter systems. Until required by the computer systems, the set
of instructions may be stored in another computer memory
(e.g., in a hard disk drive, or in a removable memory such as
an optical disk, external hard drive, memory card, or flash
drive) or stored on another computer system and downloaded
via the Internet or other network.

Having thus described several illustrative embodiments, it
is to be appreciated that various alterations, modifications,
and improvements will readily occur to those skilled in the
art. Such alterations, modifications, and improvements are
intended to form a part of this disclosure, and are intended to
be within the spirit and scope of this disclosure. While some
examples presented herein involve specific combinations of
functions or structural elements, it should be understood that
those functions and elements may be combined in other ways
according to the present disclosure to accomplish the same or
different objectives. In particular, acts, elements, and features
discussed in connection with one embodiment are not
intended to be excluded from similar or other roles in other
embodiments.

Accordingly, the foregoing description and attached draw-
ings are by way of example only, and are not intended to be
limiting.

What is claimed is:

1. A computer-implemented method for controlling opera-
tion of an autonomous driverless vehicle in response to detec-
tion of a hazard in a path of the vehicle, the method performed
by a vehicle control system in the vehicle comprising the
steps of:

(a) detecting presence of a hazard in the path of the vehicle

using an obstacle detection system in the vehicle;

(b) transmitting a hazard alert message to a computer sys-

tem operated by a human operator; and

(c) receiving a command from the computer system oper-

ated by the human operator responsive to the hazard alert
message, and operating the vehicle in accordance with
said command, wherein the command comprises a com-
mand to ignore the hazard detected in (a) upon determi-
nation by the operator of a false positive event.

2. The method of claim 1, wherein the computer system
operated by the human operator is located remotely from the
vehicle, and wherein the hazard alert message and the com-
mand are transmitted over a wireless network.

3. The method of claim 1, wherein the computer system
operated by the human operator is located within the vehicle.

4. The method of claim 1, further comprising receiving
location information from a location detection system in the
vehicle, and determining the position of the hazard based on
the location information.

5. The method of claim 1, wherein the hazard alert message
includes information on a shape of the hazard, a location of
the hazard, or a measure of confidence in detection of the
hazard.

6. The method of claim 1, wherein operating the vehicle in
accordance with said command comprises:

determining a given region-to-ignore comprising an area in

the path of the vehicle containing at least a portion of the
detected hazard;

after a given period of time, clearing the region-to-ignore

of the detected hazard; and

ignoring any hazard, or portion thereof, detected within the

region-to-ignore.
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7. The method of claim 6, wherein determining the region-
to-ignore comprises generating a polygon of a fixed shape and
scale corresponding to a field of view of the obstacle detection
system in the vehicle.

8. The method of claim 6, wherein determining the region-
to-ignore comprises generating a polygon that covers the
detected hazard.

9. The method of claim 6, wherein determining the region-
to-ignore comprises generating a polygon having the general
shape of the hazard, wherein the polygon is outset from the
hazard by given distance.

10. The method of claim 1, further comprising, prior to step
(c), transmitting an image or video stream captured by a
camera on or in the vehicle of an area in which the hazard was
detected to the computer system operated by the human
operator.

11. A computer system in an autonomous driverless
vehicle, comprising:

at least one processor;

memory associated with the at least one processor; and

a program supported in the memory for controlling opera-

tion of the vehicle in response to detection of a hazard in
a path of the vehicle, the program having a plurality of
instructions stored therein which, when executed by the
at least one processor, cause the at least one processor to:

(a) detect the presence of a hazard in the path of the vehicle

using an obstacle detection system in the vehicle;

(b) transmit a hazard alert message to a computer system

operated by a human operator; and

(c) receive a command from the computer system operated

by the human operator responsive to the hazard alert
message, and operate the vehicle in accordance with said
command, wherein the command comprises a command
to ignore the hazard detected in (a) upon determination
by the operator of a false positive event.

12. The system of claim 11, wherein the computer system
operated by the human operator is located remotely from the
vehicle, and wherein the hazard alert message and the com-
mand are transmitted over a wireless network.

13. The system of claim 11, wherein the computer system
operated by the human operator is located within the vehicle.

14. The system of claim 11, wherein the program further
comprises instructions for receiving location information
from a location detection system in the vehicle, and determin-
ing the position of the hazard based on the location informa-
tion.

15. The system of claim 11, wherein the hazard alert mes-
sage includes information on a shape of the hazard, a location
of the hazard, or a measure of confidence in detection of the
hazard.

16. The system of claim 11, wherein instructions to operate
the vehicle in accordance with said command comprises
instructions for:

determining a given region-to-ignore comprising an area in

the path of the vehicle containing at least a portion of the
detected hazard;

after a given period of time, clearing the region-to-ignore

of the detected hazard; and

ignoring any hazard, or portion thereof, detected within the

region-to-ignore.

17. The system of claim 16, wherein instructions for deter-
mining the region-to-ignore comprises instructions for gen-
erating a polygon of a fixed shape and scale corresponding to
a field of view of the obstacle detection system in the vehicle.

18. The system of claim 16, wherein instructions for deter-
mining the region-to-ignore comprises instructions for gen-
erating a polygon that covers the detected hazard.
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19. The system of claim 16, wherein instructions for deter-
mining the region-to-ignore comprises instructions for gen-
erating a polygon having the general shape of the hazard,
wherein the polygon is outset from the hazard by given dis-
tance.

20. The system of claim 11, the program further comprises
instructions for, prior to step (c), transmitting an image or
video stream captured by a camera on or in the vehicle of an
area in which the hazard was detected to the computer system
operated by the human operator.

21. A system for controlling operation of an autonomous
driverless vehicle in response to detection of ahazard in a path
of the vehicle, comprising:

a computer system operated by a human operator; and

a vehicle controller located in the autonomous driverless

vehicle, said vehicle controller programmed to

(a) detect the presence of a hazard in the path of the vehicle

using an obstacle detection system in the vehicle;

(b) transmit a hazard alert message to the computer system

operated by a human operator; and

(c) receive a command from the computer system operated

by the human operator responsive to the hazard alert
message, and operate the vehicle in accordance with said
command, wherein the command comprises a command
to ignore the hazard detected in (a) upon determination
by the operator of a false positive event.

22. The system of claim 21, wherein the computer system
operated by the human operator is located remotely from the
vehicle, and wherein the hazard alert message and the com-
mand are transmitted over a wireless network.

23. The system of claim 21, wherein the computer system
operated by the human operator is located within the vehicle.

24. The system of claim 21, wherein the vehicle controller
is programmed to receive location information from a loca-
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tion detection system in the vehicle, and determine the posi-
tion of the hazard based on the location information.

25. The system of claim 21, wherein the hazard alert mes-
sage includes information on a shape of the hazard, a location
of the hazard, or a measure of confidence in detection of the
hazard.

26. The system of claim 21, wherein the vehicle controller
is programmed to:

determine a given region-to-ignore comprising an area in

the path of the vehicle containing at least a portion of the
detected hazard;

after a given period of time, clear the region-to-ignore of

the detected hazard; and

ignore any hazard, or portion thereof, detected within the

region-to-ignore.

27. The system of claim 26, wherein the vehicle controller
is programmed to determine the region-to-ignore by generat-
ing a polygon of a fixed shape and scale corresponding to a
field of view of the obstacle detection system in the vehicle.

28. The system of claim 26, wherein vehicle controller is
programmed to determine the region-to-ignore by generating
a polygon that covers the detected hazard.

29. The system of claim 26, wherein vehicle controller is
programmed to determine the region-to-ignore by generating
apolygon having the general shape of the hazard, wherein the
polygon is outset from the hazard by given distance.

30. The system of claim 21, wherein vehicle controller is
programmed to, prior to step (c), transmit an image or video
stream captured by a camera on or in the vehicle of an area in
which the hazard was detected to the computer system oper-
ated by the human operator.
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